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Lepton universality and lepton flavor conservation tests with dineutrino modes
Rigo Bause,∗ Hector Gisbert,† Marcel Golz,‡ and Gudrun Hiller§
Fakulta¨t fu¨r Physik, TU Dortmund, Otto-Hahn-Str. 4, D-44221 Dortmund, Germany
SU(2)L-invariance links charged dilepton and dineutrino couplings. This relation allows to per-
form tests of lepton universality (LU) and charged lepton flavor conservation (cLFC) with flavor-
summed dineutrino observables, assuming only standard model (SM)-like light neutrinos. We obtain
model-independent upper limits on |∆c| = |∆u| = 1 branching ratios, for D → P νν¯, D → PP ′ νν¯,
P, P ′ = pi,K, baryonic Λ+c → p νν¯, and Ξ
+
c → Σ
+ νν¯ and inclusive decays, the largest of which do
not exceed few×10−5, and 10−5 if cLFC holds, and 10−6 if LU is intact.
Introduction.— Approximate symmetries of the standard
model (SM) provide powerful means to search for new
physics (NP). In this letter we exploit the SU(2)L-link
between left-handed charged lepton and neutrino cou-
plings and propose to use it to put quantitatively lepton
universality (LU) and charged lepton flavor conservation
(cLFC) to the test with flavor-summed dineutrino ob-
servables routed in the relation (2). The latter is inde-
pendent of the neutrino mixing matrix and holds for NP
contributions from above the weak scale.
We give the relation (2) aiming at application to |∆c| =
|∆u| = 1 processes but emphasize that it holds anal-
ogously for other flavor changing or conserving quark
transitions, both up- and down-sector ones. The situ-
ation, however, for c → u νν¯ transitions is quite unique
as the SM amplitude is entirely negligible due to an ef-
ficient Glashow-Iliopoulos-Maiani (GIM)-suppression [1]
and the current lack of experimental constraints 1.
Tests of lepton flavor structure with c → u νν¯ modes
are a new result of this work. While the connection be-
tween flavor violation and dineutrino branching ratios
has been discussed for kaons [3] and B-decays, e.g. [4],
(2) is new; it explicitly relates dilepton Wilson coeffi-
cients and dineutrino branching ratios to enable quanti-
tative data-driven predictions, which can shed light on
todays flavor anomalies posing a challenge to LU.
Model-independent relation and lepton flavor.— Con-
sider the SU(2)L×U(1)Y -invariant effective theory with
semileptonic (axial-) vector four-fermion operators in-
duced by NP at a scale sufficiently separated from the
weak scale v = (
√
2GF )
−1/2 ≃ 246GeV at lowest or-
der [5]
Leff ⊃
C
(1)
ℓq
v2
Q¯γµQ L¯γ
µL+
C
(3)
ℓq
v2
Q¯γµτ
aQ L¯γµτaL
+
Cℓu
v2
U¯γµU L¯γ
µL+
Cℓd
v2
D¯γµD L¯γ
µL .
(1)
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1 The D0 → νν¯ branching ratio induced by (axial-)vector opera-
tors is helicity suppressed by two powers of neutrino mass, and
negligible. The Belle result B(D0 → νν¯) < 9.4 · 10−5 at 90%
CL [2] can therefore be safely avoided.
Here, τa are Pauli-matrices, Q and L denote left-handed
quark and lepton SU(2)L-doublets and U,D stand for
right-handed up-singlet, down-singlet quarks, respec-
tively, with flavor indices suppressed for brevity. No
further dimension six four-fermion operators exist that
contribute at lowest order to dineutrino modes assuming
only SM-like light neutrinos. Operators with quarks or
leptons with two Higgs fields Φ and a covariant derivative
Dµ, Q¯γµQΦ
†DµΦ, Q¯γµτ
aQΦ†DµτaΦ, U¯γµUΦ
†DµΦ,
D¯γµDΦ
†DµΦ and L¯γµLΦ
†DµΦ, L¯γµτ
aLΦ†DµτaΦ in-
duce modified Z-couplings which give tree level contri-
butions to dineutrino modes – the lepton ones conserve
quark flavor, the quark ones obey LU, mixed ones are of
higher order in Leff . These operators are constrained by
electroweak and top observables, or mixing [6, 7] and are
negligible for the purpose of this work. The (axial-)vector
operators (1), which are invariant under QCD-evolution
[8], therefore provide a model-independent basis. Elec-
troweak renormalization group running can be neglected
in view of the precision aimed at with this study.
Writing the operators (1) in SU(2)L-components one can
read off couplings to dineutrinos (CPA ) and to charged
dileptons (KPA ), where P = U (P = D) refers to the up-
quark sector (down-quark sector) and A = L(R) denotes
left- (right-) handed quark currents
CUL = K
D
L = C
(1)
ℓq + C
(3)
ℓq , C
U
R = K
U
R = Cℓu ,
CDL = K
U
L = C
(1)
ℓq − C(3)ℓq , CDR = KDR = Cℓd .
Model-independently holds CPR = K
P
R . While C
P
L is not
fixed in general by KPL due to the different relative signs
between C
(1)
ℓq and C
(3)
ℓq , C
U
L is related to K
D
L and C
D
L to
KUL . We exploit this SU(2)L-link for charm physics.
Going to mass eigenstates Qα = (uLα, VαβdLβ), Li =
(νLi,W
∗
kiℓLk) with the Cabibbo-Kobayashi-Maskawa
(CKM) and Pontecorvo-Maki-Nakagawa-Sakata (PMNS)
matrices V andW , respectively, and summing lepton fla-
vors i, j incoherently, we obtain the trace identity
∑
ν=i,j
(
|CUijL
∣∣2 + |CUijR
∣∣2) = Tr
[
CUL CU†L + CUR CU†R
]
=Tr
[
KDLKD†L +KURKU†R
]
+O(λ) (2)
=
∑
ℓ=i,j
(
|KDijL
∣∣2 + |KUijR
∣∣2)+O(λ) ,
2between charged lepton couplings KL,R and neutrino
ones CL,R, with Wolfenstein parameter λ ≃ 0.2. Wil-
son coefficients in calligraphic style denote those for mass
eigenstates. Relation (2) follows from CUL =W †KDL W +
O(λ), CUR = W †KURW and using unitarity. A corre-
sponding relation exists with up- and down-sector quarks
interchanged. The traces in (2) are over the leptonic fla-
vor indices of the Wilson coefficients. In the limit V = 1,
or for CL = KL = 0, (2) becomes an identity. The re-
lation (2) allows to predict dineutrino rates for different
leptonic flavor structures KijL,R, that can be probed with
lepton-specific measurements. We identify the following
possibilities:
i) KijL,R ∝ δij , that is, lepton-universality (LU).
ii) KijL,R are diagonal, that is, charged lepton flavor
conservation (cLFC) 2.
iii) KijL,R arbitrary.
Predictions for charm.— We work out the ramifications
of (2) for c→ u νν¯ processes, which constitute clean null
tests of the SM. We give in TABLE I bounds on lepton
specific Wilson coefficients for ℓ, ℓ′ = e, µ, τ in terms of
K¯ = (2π/α)K, with fine-structure constant α.
|K¯Pℓℓ
′
A | ee µµ ττ eµ eτ µτ
s→ d |K¯Dℓℓ
′
L | 3.5 1.9 6.7 1.8 5.0 5.3
c→ u |K¯Uℓℓ
′
R | 2.9 1.6 5.6 1.5 4.2 4.3
TABLE I: Upper limits on |∆s| = |∆d| = 1 and |∆c| = |∆u| =
1 leptonic couplings K¯L,R from high–pT [9, 10]. LFV-bounds
are quoted as charge-averaged,
√
|K¯ℓ+ℓ′− |2 + |K¯ℓ−ℓ′+ |2.
The constraints in TABLE I allow to compute upper lim-
its on terms that directly enter c→ u νν¯ branching ratios
Rℓℓ
′
= |K¯Dℓℓ′L |2 + |K¯Uℓℓ
′
R |2 , Rℓℓ
′
± = |K¯Dℓℓ
′
L ± K¯Uℓℓ
′
R |2 , (3)
with Rℓℓ
′
+ + R
ℓℓ′
− = 2R
ℓℓ′ , hence Rℓℓ
′
± ≤ 2Rℓℓ
′
. Upper
limits on Rℓℓ
′
are provided in TABLE II.
Two comments are in order: Firstly, despite being
stronger in part we refrain from using low energy con-
straints on the couplings K¯Pℓℓ′A in addition to the high-pT
ones to have a unified framework for all lepton flavors and
to avoid cancellations between Wilson coefficients with
different chiralities and CP-phases. Secondly, the O(λ)
corrections in (2) are a subdominant effect on present
precision of charm dineutrino branching ratios. We note
that they can be estimated using quark flavor conserving
data [11], but neglect them here.
2 This statement relies on the charged lepton mass basis.
ee µµ ττ eµ eτ µτ
Rℓℓ
′
21 6.0 77 5.8 42 47
TABLE II: Bounds on |∆c| = |∆u| = 1 parameters Rℓℓ
′
(3).
Since the neutrino flavors are not tagged, the branching
ratio is obtained by an incoherent sum
B (c→ u νν¯) =
∑
i,j
B (c→ u νiν¯j) ,
which is proportional to x =
∑
i,j |CUijL |2 + |CUijR |2.
Using (2) and TABLE II, we obtain:
x = 3Rµµ <∼ 18 , (LU) (4)
x = Ree +Rµµ +Rττ <∼ 103 , (cLFC) (5)
x = Ree +Rµµ+Rττ+ 2(Reµ +Reτ +Rµτ ) <∼ 294. (6)
Since dimuon bounds are the most stringent ones, see
TABLE II, they provide the LU-limit.
Various exclusive dineutrino branching ratios depend on
x± =
∑
i,j |CUijL ± CUijR |2, which is bounded by 2 x.
Specifically, x+ arises in the D → P νν¯ branching ratio,
whereasD → P P ′ νν¯, P, P ′ = π,K, branching ratios are
dominated by x−. Inclusive decays and, approximately,
the baryonic ones are dominated by x. All branching
ratios can be written as
B(hc → F νν¯) = AhcF+ x+ +AhcF− x− (7)
and, for convenience, we also provide the AhcF± coeffi-
cients in TABLE III. Here, we used decay distributions
from [12–17] and form factors from [16, 18–20]. For
Ξ+c → Σ+ transitions we use the same form factors as
for Λ+c → p since no information is available on the for-
mer. Form factor uncertainties can amount to an uncer-
tainty at the level of 10% on the branching ratios [19, 20].
Resonant backgrounds in charged meson decays through
τ–leptons, D+ → τ+(→ π+ν¯)ν andD+s → τ+(→ K+ν¯)ν
lead to the same final state as the search channels [21]
and have been removed by cuts in the dineutrino invari-
ant mass squared q2 > (m2τ −m2P )(m2D −m2τ )/m2τ . For
the inclusive modes no cuts are applied, as the study of
possible backgrounds are beyond the scope of this work.
Details of the computation are given elsewhere [11].
Experimental extraction of x or x± ≤ 2x above (4) would
indicate a breakdown of LU. Values above (5) would im-
ply cLFV. We also obtain achievable, total upper limits
in (6). Corresponding upper limits on branching ratios
of dineutrino modes of a charmed hadron hc into a final
hadronic state F are given in TABLE III. The limits (4),
(5), (6) and BmaxLU , BmaxcLFC, Bmax are based on present ex-
perimental findings in the charged lepton sector and will
evolve in the future.
Conclusions.— Thanks to the flavor-inclusiveness of
missing energy measurements at particle physics experi-
ments, SU(2)L-links with the charged leptons (2) allow
3hc → F A
hc F
+ A
hc F
− B
max
LU B
max
cLFC B
max
[10−8] [10−8] [10−7] [10−6] [10−6]
D0 → pi0 0.9 – 3.2 1.8 5.2
D+ → pi+ 3.6 – 13 7.4 21
D+s → K
+ 0.7 – 2.4 1.4 3.9
D0 → pi0pi0 O(10−3) 0.43 1.5 0.9 2.5
D0 → pi+pi− O(10−3) 0.41 1.5 0.9 2.4
D0 → K+K− O(10−6) 0.004 0.02 0.01 0.03
Λ+c → p
+ 1.0 1.7 9.7 5.6 16
Ξ+c → Σ
+ 1.8 3.5 19 11 31
D0 → Xu 1.8 1.8 6.3 3.6 10
D+ → Xu 4.5 4.5 16 9.2 26
D+s → Xu 2.2 2.2 7.7 4.4 13
TABLE III: Coefficients Ahc F± , as defined in (7), and model-
independent upper limits on BmaxLU , B
max
cLFC, B
max from (4), (5)
and (6), respectively.
to probe lepton flavor in two benchmarks: charged lepton
flavor conservation and lepton universality. Key predic-
tions for rare charm decays are the corresponding upper
limits on the dineutrino branching ratios given in TA-
BLE III. We leave further applications to future study.
The missing energy modes are well-suited for the ex-
periments Belle II [22], BES III [23], and future e+e−-
colliders, such as an FCC-ee running at the Z [24], with
sizable charm rates. Since any observation of c → u νν¯
transitions heralds NP, experimental analysis is encour-
aged. In addition, they could shed some light on per-
sistent anomalies in B-decays, e.g., [25], hinting at LU
violation.
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